As an Ayrshire man, perhaps I shall be permitted, and forgiven, if I quote from the famous poem of Robert Burns, 'Tam o' Shanter'; Nae man can tether Time or Tide -The hour approaches Tam maun ride; That hour, o' night's black arch, the key-stane,
Much as I would wish, at this moment, to tether time, that cannot be done. As some of my remarks may be rather controversial, like Tam, I know not what may be in wait for me; still, I see no 'Cutty-sark' in the audience and I may be able to cross the auld brig in safety.
Time, because it cannot be tethered, produces great changes; changes which often appear to be beyond human understanding. One often wonders how the father of our profession, Hippocrates, treated those afflicted with diseases of the ear or, if this condition was of such a minor nature against the general background of severe illness, whether it was largely ignored. One suspects that those who attended the AEsculapium in Cos were, to a large extent, treated by psychotherapy and hydrotherapy, the water being obtained from the sacred spring and sacred well.
His critic Galen probably used different methods and appears to have had a wide knowledge of the various remedies obtained from plants, the galenicals of our grandfathers' time. It is unlikely that he really placed much faith in submitting his patients to the caress of the sacred snakes as depicted on the base of the column which stands in the forecourt of the A-sculapium in Pergamum. While the sacred springs still exist, as at Carfin in Lanarkshire and at Lourdes, there are no sacred snakes but elaborate micro-optical and technical equipment which, though more effective, would hardly be so soothing as the gentle touch of a snake's tongue. The galenicals have been largely replaced by the multiple synthetic products of the chemical industry.
Instead of retracing our steps two millennia, let us return a mere half century so that I may pay a tribute to two of my masters and teachers, Albert Gray and John S Fraser.
Albert Gray was born in Glasgow in 1869 and was the aural surgeon to the Western Infirmary. As his house surgeon almost forty years ago, I came under the influence of an inspired scientist, a cultured and lovable man, whose interests were wide, a keen naturalist who had an extensive knowledge of medical history. His research work in otology brought him many honours and his publications were numerous: even today, his 'Atlas of Otology' is a classic, and it may be remembered that the second volume was completed here in London in the Ferens Institute. He published his first major work, 'The Labyrinth of Animals', in 1907 at the age of 38. He could not have forecast that almost sixty years later this work would become one of the textbooks in the study of the labyrinth responses of the astronauts of the space age. Its two volumes illustrated, by stereoscopic photographs, a remarkable collection of the membranous labyrinths of all animals; a small stereoscope was included in a pocket in the back cover of the first volume. I understand from Mrs Oliver Gray that the original preparations are now in the care of the Anatomy Department of the University of Cambridge. As a financial venture it must have been a failure, for it could not possibly have become a best seller. But Gray was not interested in money: he appeared to be detached from material considerations and this is perhaps best shown when he asked his poor, unpaid house surgeon if he had planned to attend the first International Congress ofOtolaryngology in Copenhagen in 1928! His clinical work he seemed to regard as an unwelcome intrusion into his academic research and, over a cup of tea after he had done a mastoid operation, he discussed, not the patient who had just had the operation, but the characters and qualities of Fallopius, Eustachius and many other renowned historical personalities. His work on the pathology and vetiology of otosclerosis is well known. He held the view that the disease was a trophic condition affecting not just the bony capsule of the labyrinth but the whole organ of hearing. The underlying lesion he regarded as failure of the vasomotor reflexes which ensure a full blood supply to the ear. Do we know more of the etiology even today? He instituted a method of treatment of injecting thyroxine into the tympanic cavity through the tympanic membrane. He was my predecessor as President of the Section of Otology in 1914 at the age of 45, an age at which the burden of political and administrative work is not excessive and when a presidential address would really be worth hearing! In his address he spoke of pathology in relation to the ear, suggesting that the problems in all fields of pathological research lay not so much in discovering how various changes occurred but why they should do so. This charming, cultured, friendly and lovable man, I am proud to have known and to have served.
On the advice of Dr Gavin Young, another of my predecessors as President of this Section, I joined the staff of J S Fraser in Edinburgh Royal Infirmary. Fraser had a very different character from Gray in that he combined sound clinical and operative work with an intense interest in the scientific side of the specialty. A hard worker himself, he expected his assistants to be the same; his mind was always searching for some subject to be investigated. His publications in all branches of the specialty were numerous: he received many honours and he was President of the Section in 1927. His intense interest in otological pathology is reflected in his publications on the micropathology of deaf-mutism, otosclerosis and labyrinthitis. His work on otosclerosis is well known: at the International Congress in Madrid in 1932, he delivered a paper on the clinical aspects of the disease. Although Jenkins first performed the fenestration operation in London in 1914, Fraser operated on two patients in Edinburgh in 1924. One died of meningitis but the other survived, after a very stormy convalescence, to become the British Women's Chess Champion. She kindly attended a meeting of the Scottish Society in the early 1930s; she was very deaf, but the operated ear, which previously had been the worse hearing ear, was now the better one. Fraser would certainly have revelled in the operative treatment of the disease as we know it today. He suffered, unfortunately, from attacks of gastric trouble and at times he was a difficult master. But all that was forgiven for his helpfulness, his kindness, and his inspiration. Even during his last illness he retained-his scientific interest and, on obtaining a temporal bone of a case of congenital syphilitic deafness, he asked his friend Otto Mayer, in Vienna, to section the specimen. I delivered the temporal bone to Professor Mayer in 1935. Curiously enough there were customs difficulties, not over the specimen, but over the spirit which the Kilner jar contained! Fraser was an able surgeon, a good clinician, a keen pathologist, an inspiring teacher and, above all, a man of genuine honesty.
Gray and Fraser were very good friends and I remember Fraser saying to me: 'You know, Smith, I have been asked to write Gray's obituary: I thought he would have been writing mine.'
During the past forty years there have been revolutionary changes in the treatment of otosclerosis and I have been fortunate in my association with surgeons who have had a wide knowledge of the disease in all its manifestations. Gray, as I said earlier, injected a solution of thyroxine into the tympanic cavity in the hope of improving the blood supply. At one time hormone therapy was popular and Fraser prescribed parathyroid extract until one intelligent patient, a solicitor, after watching the dissection of the parathyroids from the carcasses of sheep, discovered that he was paying an excessive price for what may have been nothing more than neck of mutton! In 1937 I paid a most profitable visit to Professor Holmgren in Stockholm, a pioneer of the fenestration operation, and for 25 years I was closely associated with Dr Simson Hall, whose work in the perfection of this operation is well known throughout the world. It has been followed first by the mobilization operation of Samuel Rosen and now by the stapes operation of John Shea. It is an anatomical problem of this operation that I wish to discuss.
In 1957 John Shea clearly demonstrated the wonderful results which could be obtained by the removal of the stapes and its replacement by a polythene prop. In 1958 however, at a meeting of the Scottish Society in Aberdeen, I made the suggestion that, after removal of the stapes, the tip of the long process of the incus might necrose, leaving the outer end of the prop free in the tympanic cavity. It was tactless to suggest this when such good results were being obtained by Royal Infirmary, who examined and described
x \ not only this specimen but also the others which I shall show later. This tiny fragment must have been part of the incus at one time. Now it was a tiny avascular piece of bone in the process of disappearing and being replaced by fibrous tissue (Fig 3) .
It seemed obvious to me that careful microanatomical work was necessary to clear up this problem and that this could be done in two ways. The first was by injection of the vessels and an examination of the structures, especially the long process of the incus, the incudostapedial joint, the stapes and the tendon of the stapedius muscle, Newcastle gave an excellent paper to this Section the long process ofthe incus following a bicycle accident the operation: no one likes a spanner or even a r tiny bolt thrown into the works; little attention was paid to the suggestion, which I now think was just as well. The view which I then expressed arose from an attempt to explain the occurrence of avascular necrosis of the tip of the long process of the incus in a boy of 11, who had had a bicycle accident at the age of 5 (Fig 1) . Approximaatelyy 3 mm of the tip of the incus had disappeared leaving a necrotic long process, a gap between this and the head of the stapes, the articular v surface of which was covered with a velvety mucosa. This impression was strengthened by another case when, following mobilization, a tiny piece of bone was found embedded in a fibrous band extending from the head of the stapes to a necrosed long process of the incus (Fig 2) . This tiny piece of bone was removed and I am indebted Belfast has also published an excellent paper on the subject (Alberti 1965 , Smyth 1964 ). The second method by which some information may be gained is by microscopical examination of the structures which remain after destructive disease has played its part. Dr Alberti showed some excellent slides of the blood supply of this region but his work was carried out mainly in the foetus and in the infant, and it is important to remember that the vascular pattern of the incudostapedial joint in the foetus may not necessarily resemble closely that of the adult. When one considers the change which the stapedial artery alone undergoes during development from the foetus to the adult, A woman of 29 with no previous history of any suppurative otitis media and with an intact tympanic membrane was submitted to operation by the stapes approach as the condition was thought to be, possibly, otosclerosis. A most interesting pathology was apparent (Fig 4) : the anterior crus of the stapes had disappeared; the posterior crus had been replaced by a fibrous band, leaving the head still attached to the stapedial tendon and lenticular process of the incus; the footplate was quite mobile and there was a doubtful anterior focus of otosclerosis. / / / ,////~~~~~thatthe last piece of bone to be destroyed is the part with the best blood supply, then the only possible blood supply to the head of this stapes was from the stapedial tendon.
In the next case a girl of 16 had a chronic otitis media with a posterior perforation and granulations. At operation the long process of the incus had disappeared but the lenticular process was still attached to the head of the stapes, and was slightly eroded posteriorly (Fig 7) . When removed the crura and head of the stapes were intact and the articular surface of the head was still covered with a thin layer of cartilage. The only nourish- obtained was from the capsule of the incudostapedial joint. The head of the stapes was removed and a polythene prop inserted. The head of the stapes My last case was a man of 59, who had had a was sectioned and microscopy showed a healed discharging ear since childhood. He had an attic osteitis with no evidence of any osteoclastic or osteoblastic activity ( Fig 5) . I do not think that it is presumptuous to say that in order that an osteitis may heal the bone must have a blood supply. How could the blood reach the head of the stapes in this case? The only possible way is from the vessels around the capsule of the joint or from the stapedial tendon.
A girl of 10 had extensive cholesteatoma ( Fig   6) . At operation the incus was necrotic, the crura of the stapes were absent, the footplate appeared normal and was freely mobile and all that was left in the middle ear cavity was the head of the stapes attached to the stapedius muscle. I carefully removed the head of the stapes but such a tiny piece of bone unfortunately did not arrive at perforation with cholesteatoma and at operation it was found that the body of the incus, the long process and the short process had been destroyed, but two small portions of the incus remained (Fig 8) . A small piece of the body still attached to the head of the malleus and a small piece of the tip of the long process with the lenticular process was still attached to the head of the stapes. The stapes was intact and mobile. Microscopical examination of the small piece attached to the head of the malleus (Fig 9) showed evidence of chronic osteomyelitis with osteoclasis. The convex surface is covered with a thin layer of cartilage (in the malleo-incudal joint) while the centre of the specimen shows fibrous tissue heavily infiltrated with round cells. The inner and outer surfaces of the bone are irregular and in the high power view (Fig 10) an osteoclast is visible. In the small piece attached to the head of the stapes (Fig 11) with the capsule of the joint. The concavity of the bone and the space between the bone and cartilage are occupied by fibrous tissue and new bone formation is seen on either side in the centre of the specimen. In the lower part a well formed blood vessel is apparent and in the serial sections this vessel was followed from the capsule to the inner part of the bone. No osteoclasts were visible. It is significant that new bone formation is occurring in a lenticular process which is completely detached and has no connexion with any part of the incus. Both of these small pieces of the incus showed evidence of osteomyelitis but more healing had occurred in the lenticular process attached to the head of the stapes than in the part attached to the head of the malleus. It would appear that the nourishment of the two small fragments of the incus must have come from the capsules of the malleo-incudal joint and the incudostapedial joint.
A study of these six cases, then, would seem to show that the nourishment of the lenticular process and the tip of the long process of the incus may be largely but perhaps not entirely derived from vessels passing into the bone from the capsule of the joint. Fig 12 illustrates this. It is not strictly accurate: for emphasis, I have not inserted vessels passing right down the long process because, in my experience, this is the part of the incus which first necroses in destructive disease and which, one assumes, has the poorest nourishment. Why should this be so? Can it be correlated with the fact that the old French anatomists described four auditory ossicles, the lenticular process being the fourth? Is it possible that the lenticular process is really an epiphysis? We all know that while the long bones are supplied by the nutrient artery, the epiphysis has a different blood supply, from the capsule of the joint or from the muscles and tendons which are inserted into it. The nutrient artery of the incus is the incudal artery which enters the body, divides into two branches, one of which enters the short process while the other descends into the long process. But does the branch in the long process ever reach the lenticular process ? I feel that when the stapes is removed at operation, there are a number of patients at risk of necrosis of the tip of the incus with the lenticular process. But what number are at risk or how to detect them at operation it is impossible to say. For that reason it has been my practice, in all stapes operations, to attempt to remove the footplate and leave the rest of the ossicular chain intact. But let me say, now, that only in approximately two-thirds of all the cases I have done has this been possible. If the crura fracture too near the neck and are not long enough to make contact with the fat graft, then I think it is wiser to use a prop or wire. Occasionally the joint is completely disrupted but at other times only a partial severance of the capsule has occurred. It is of the utmost importance that the tendon of the stapedius be left intact; my own view is that this is the route by which most of the nourishment reaches the head of the stapes and the lenticular process, just as the tendinous and muscular insertions are the means by which the epiphyses of the long bones receive their blood supply. I have no detailed knowledge of the micro-anatomy of this part to put before you: it is merely an impression which I have formed to explain some of the facts which have been illustrated in the cases I have described.
The results of the two types of operationremoval of the footplate alone, leaving the crura,, the head of the stapes and the tendon of the stapedius and the incudostapedial joint intact, compared to removal of the whole stapes and the use of a prop or wirehave been roughly the same.
Dr A G Maran, Senior Registrar, and Dr B A B Dale, Registrar, have made a statistical summary of the cases which I have done between 1962 and 1965 ( Table 1) . The series is a small one but it is interesting that there has been no marked change in the results from the two types of operation. If anything, the results of leaving the ossicular chain intact are slightly better. Although the figures in the table would appear to show that in only one half of the cases was it possible to remove the footplate alone, 22 patients were operated on before I started to do the footplate operation and I now find that I can perform this procedure in about two-thirds of all the patients. The figures given are taken from the average of the three frequencies, 500, 1000, 2000, and the audiometer is calibrated to the British standard. The three dead ears all occurred when using a prop or a wire, but what a statistician would make of that I am not willing to say.
Let me make a plea now to the younger members of the specialty and to those who have the necessary research facilities to undertake the difficult micro-anatomical work necessary to elucidate this problem. It is a problem because the micro-surgery of this region has advanced beyond our knowledge ofthe micro-anatomy and, as it were, the cart has been placed before the horse. What we wish to know is the percentage of patients who are at risk of necrosis of the incus once the stapes has been removed and, what is of even more importance, how we can detect these cases at operation, before we decide on removal of the stapes. Necrosis is a slow process and, even if it does occur, those patients who have had a stapedectomy with a prosthesis fitted may retain a remarkable improvement in their hearing over many years. The majority of those on whom the operation is performed are probably under the age of 40 and their life expectation may be thirty or more years. That is the reason why, when I propose to do a stapes operation, I cannot forget that, in the case of the boy who had the bicycle accident, it took six years for only 3 mm of the tip of the incus to fritter away.
In the treatment of otosclerosis we have advanced a long way from the thyroxine injections of Gray to the present operation on the stapes and the clinical results are vastly improved. There are still many problems to be answered: the unexplained dead ears and the later loss of the improved hearing. We know no more of the ,Ttiology of the disease today than we did fifty years ago. We are still without a sound knowledge of the micro-anatomy of the region of the stapes and especially of the tiny vessels. A careful investigation of the blood supply of this region may improve our micro-surgery which, as I have said, appears to have advanced beyond our knowledge of the micro-anatomy. Who knows if it might not also give a clue to the etiology of the disease, and whether Gray's suggestion that the underlying lesion is a failure of the vasomotor reflexes to ensure a full blood supply may yet be shown to have some substance?
